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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a pixel structure 
and a pixel read method which improve the picture quality of 
an image pickup device based on the pixels. 
SOLUTION: A pixel 10 consists of a radiation detector 1 and 
an adjustable current source 2, which supplies a large current, 
in the parallel circuit constitution. A 4-transistor pixel structure 
is disclosed. A method to obtain a corrected read signal of a 
pixel provided with at least a photoelectric element and a 
current source consists of a step where the photoelectric 
current generated in the pixel is read out in the period when 
the current generated by the current source parallel with the 
photoelectric element is added to the photoelectric current, to 
obtain a first signal a step where the current source is turned 
off to read out the pixel and a second signal is obtained, and a 
step where the first signal is subtracted from the second signal 
and the result is amplified to obtain a read signal. 
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Tiro present invariti.cn relates to solid state 
g • evi"€S bei!i anuf actus a c. J O - v 

^ a, More - _ „ , s novel pixel strneaera 

leading to an improved i.K;g« quality for said loaning 

devices is disclosed. 

; d=iV>v ! ;-C d'.id:.,inV- : ::, -..U 

doiid stats image sensor.'? are veil, knavaa . 
Virtually all solid-stats Imaging sensors have as key 



rap \ "\aU i ij i CO -r.echnc-.logy c u a CMO 
echnoiogva Solid state 0-s ;a seniors find eld 



; t ch is :;;ocatcd In ts ssera 

signal of said nadris is ^assured and 
> a so-called video- s igaa 1 .. 



include til: ariog, operation at higher speed er operation 
1x5 isore >■■.,• : - -'<oo . iii, ^ i s conditions. 

: ••: ' > i s • --ire 

disclosed In SP-A •0?3S03S t in EP-A-0632330 and in. 
DA--A ■;j€ ; )>5-204 , The imaging devices based on the pixel 
st recto rea as disclosed i.a those patent applications 

^ *; ^ 0-.lv. 

qan? v ol ■ he devices . 

A freest problem in nhess CMOS eased ie-agrag 
devices appears because eager la I i?aper flexions and 
technology variations hove as effect ehat mere is a non- 
nnriorsiity in the response of the pi eels an -the array. This; 
^ - v ^ . < P^ 

Cfpn; < -, s N 

Correction of the non oni tors-it y needs; some, typo of 
calibration, e.g. by seal tip.lv lag or add! ng/oabt ract lag the 
cixeibs signals wi wis a correction agonal that is pi^el- 
dependent <. 

An example et usee photorespon.se non- 
uaitorrbtv cor rect ion method is disclosed in EP-A-0354106 . 



his pixel can be signif ics •: .ly degraded. Specifically the 
eqni;"e:aes:d: for a direc con 

rans kstor and photosenei civ.j element in the pixel as 
laimxl lr> £P -A-0S32$3C; gives rise to this proh.l«». 

Moreover the r equi resent .for. the short:- 
irc;iitino of gate ^nd ens of the electrodes (the drain in 
p -HPS configuration; oi the first transistor in 

gats 

no the drain eiactrooe to one itlaed potential in order to 
csieve a perfect logarithmic is;aes convercioa 

seen 

ixeis and sensors. Specifically these letter requirements 
cpade aohieeine other .improved dhariicterlsti.es of the 
naging devices than lire perfect ioesr ithrdo convers ion 
i -n ^ <. ^ v ^ \o. as 

5 < ^ 5 
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.•*■;.":.:; at the inunction 



:snd a read 



impinging ea said radiation sensitive eieanni for • a 

• ;::,:=<■ •. an applications. Thars.. said current source is sole i o 
bo on in a condition ;rery xinita" f r thsa condition of an. 
illariiioatioa of the pixel with a high I ighi fat eas i by to 
theraby pen: form a calibration for instance of the ?<?N or 
PSiOj of the pixel- Kith the term din an illumination 
cocdition oC ths pixel* it in meant that a photo current is 
generated on aaid racist loo sensitive * lessen t- 

In a sscorrd aspect, ^ present inr^ation is 
siso N x " " > N " - c , 

signal of a pixel hoeing at least s radiation -nurd.;.: v-c 
eiee.ent,. the earthed comprising the steps of : 

i no --cot shefoco ; seated o said ps L - ; 

ac a current generated by a onrrent sonrca in 
wirn * v . x > to- <u v - v said 

photocn treat to thereby obtain a first sigaai; 
- - inc'-o:.ec y< > - 1 ?s - s onrce o to 

thereby obtain a eocoxni signal; 



subtracting said first signs;, fros said second vise:.:.. 

thS , v :;;> j .;: 

read-out aignao . 




5 series - to? i di; p.hot.ossss:H ve 



current source is a < being s ' in a a v-r>.> 

simitar to the condition e? an illumination of the pixel 
with a. high light intensity thereby performing a 
calibration or pixel non-uniforsclty for instance of the FPN 
or iRNd of the pixel, 

hit ssps< e is 

related to a pixel, for imaging applications that is 
tabricated in a HQS technology . Sued pixel cosrprises a 
photosensitive alssnent and a firs;: transistor having a gouts 

^ h-y :-cn -n ; a 

««id „ m! uurUtco - io. 

photosansitian clement ihr-nsby Co rah no. , first i > on . 

Said pixel further cossprises a second transistor having a 
gate and said second transistor being coupled to said first 

N * o N ^ v <. ^ ' a 

second trans later fceieg part of an a .tap 1.1 tying circuit. 
The a 

second transistor: with .rah.: phornsonai five ele.es.st and said 
first transistor. The --econo cansection is thus 



vL " . I J Said 

iirsl connection and said second transistor. The third 
transistor can also be In said second connection, between 
said first transistor and sale; photosensitive element, said 
second transistor thereby being directly connected to said 
«xi< - -^sn The 

electrodes referred to abo^e are the drain end source 
contacts of the transistors* The gate of said first 
transistor, can be at a first ^citaao and said tar: ',. 

i , jurce o; of sa first trans is 

at a second voltage. 

In a preferred ' n,.r v,; of n, invention, 
said second electrode (drain or scores) of said first, 
transistor is connected to said photosensitive clearest, and 
said sate of said second translator is; connected to one of 
the - s .c"^ . < -d s this 

embodiment of the invent;.! on,, said cafe of said third 
t-ansistor can be at said first vol cage and the other 
electrode of said einctrodes of said third transistor is 

nee coed no said si d ' o and 




^ t v v « - ; . , t ^ n * * - 

represents a graph ot . loga;: ithxcsic pistel 
output voltage versus the light intensity 
whesi using th* a&sthod of cal i.bx&tior. of the 
phe toe ansa tive element of the phxei according 
to ' pxeseixt invention. 

represents another -esabodiment of the pi sal 
according to Uxa first s-speor. the present 
invent; or; where the calibration torrent is 
giveo by the discharge of a capacitor. 

is 

versos; time when per terming <o seethed of 
calibration of the photosensitive element 
according to e specific erdeedi eent ot the 
pressrh invention and us.i.ny ■Pre pixel 
structure ot tignce 3a. 
ami 4b 

ihow a i tarsals ssbod ieeeta of a esses 



in 4.) 0 0 ' 5 2 0 8 8 { P 2 0 0 0 - 1 5 2 0 8 8 A } 



o f a s - v ch^j e 

a v \ 1 - i , i 

element and three t ran si xto ;:a) base xdraclure 
sad wherein thy gates or. two of the 
trassistors arc at h< v» 
syaabols X and Y refer to tks row and column 
connections. V0px v oD2 are " " voltages 

applied to oh* first e .loot r ado of tha t'lsrat 
translator and to the gates of the second and 
third trans lis tors respectively. 



OaToilseo...oieaaar^ eahaenlneaats. of too 

(15 which a current proportional to the light 

irh\nr.sitge Such, a photosansi tive. element can also be a 

iere? th e< ling of a an :o h > « ^ 8 c ^ ■> > a of 

the phot eptor U " , ru-j a < t^ an 

array often exhibit a relatively ierge rK>n-au8 forob.ty ovar 
the in 
the output enlarge, as shown In < - o 2 ■ a? » ^ 
response pixel {10-) as shown in Uigurs I • The trsssfer 

C - ^ N ~ -s. 

Figure 2 represents tha c sapor v:Oo age verses 
the input flux for a set or lo<:p=rith.mic pixels iiOj. The 
corves are ^ - but have an oiisat relative to oach 

other. Tha offset can be Oetersd.red by imposing a high 
_ = . . ; 1 ^ _ ' Si ' ^ - i u ^ , - the 

of tiro pixels. The signal obtained for each 
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pixel in this wey janst be distinguished from the *' no r;*,~ i » 
reading of iht; pixel . 

In ord«r to calibrate the pisei (8)} con- 
''otndtles, and to be sCie to res tote the precise v«iy. 

dorse s - " 

the photoosrrens is added with a our rent that originates 
freer c irren sots; 2) . Thia add <. - o.athoi 

as 8: does not Ircoive iiiusdnation of the Co vice. 

Said on- tent source (2) can be of several 
kinds. Of course, it. is advantageous that this eurreat 



is 



sis 



a fixed current scarce,, outside the pixel, and eraser, 
for art th; , res yu The us sn he 

connected to several, pixels in tarn by switches, 
■a b08PST so - ^ ■- connected as current scarce, to be 
pieced i es:. be each piaai. The current source can be 
tsrnad on by applying a certain. DC voltage between 
scarce and gate. The current source can be turned of?: by 
turning of the gate voltage. 

the car - etc; scarce tuny be composed cf a <; switched 
capacitor" cl.rca.id: tssee figure 3), whore the current 
source is cot stable, but ccraposed cf the discbarge of 
at ia&Sfc o.n« capacitor 833) . In the simplest 
f:npl sees tat: rem the current eou.ro* in the figure is a 
capacitor {33} that is just discharged on the photo 
datector node, which yields indeed a high current curing 



bee pixel can further- cscrprd.se a further trans is Lor (7) 
in series wilh the photosensitive element fid and jaeans 
comprising at i e&sh e second transistor 83} coupled to 

v v - s c 



present irrvQJsticr; a pixel tor imaging applications that: is 
fabricated in a M03 technology, daid pixel cosprloes a 
photosensitive s'iSi-rt, {41! an a first transistor org; 
having a gate and a first and a second electrode and being 
in \ic;: ;<;■; with said photosenso tire el ores I HI;, said first 
transistor, and said photosensitive ele.'&ent thereby forxaieq 
e firei coi^iact: ion .. Said pixel further ccffipri;n.s a second 
transistor {48) having a 9 ate and said second transistor 
being conpled to said first connection, thereby iicanoinq a 
second correction, end s;«id second transistor being part of 
an atari fry ironi v } in 

said pixel or can be external to said pixel. Said pixel 
for he- one ise i ad b nsistoi 591 hsving a gat arid 
: ? ex sa i bird transistor (4 9) be Ln< 
in - , ' and 



said second t: ransister (4ty .. ?ho e feci: rodes „r- -> to 

: ^ d e a a - - s v _ * 

The gate of said first t raits Later (47) can be -at a first 
voltage VV>r>2 and said first ebacrrode (source or drain) of 
said first trsPsUwr nan be at . a strand eoitaqe V D na . In 
this embodiment of the Ineentioa said second si act rode 
(drain or source) of said first transistor {47} is bsing 

gate of said second "ransistcr t48; is being connected to 
one < - N ' o r ?vf rd r r > - a 

. o v d^ sale 
(49) can be at said first veitsgs sad the othsr of said 
electrodes of said third transistor (4SS) is coaaocied to 

ooltaas of the Paging device of which the ^ o - - a k 

a dap red for doi i var ing a 'high esoceat. tOa current scarce 



irn/enrbon can bo coaJd.aared as she on in figure 4b, Toe 
d > >apr i sa s e 

photosensitive element dll ; as a firat transistor {4 7 ; 
daring a gate and a iirsv: and a second electrode and being 
in series with said photos ens Itiee aieasnt {41),. said ■': r. a t 
transis aar and ; ens it re by fori?! tig 

a first connection. Said pixel farther oosrprises a second 
transistor (48) haying a gate and said second transistor 
being counted to said first connection, thereby forming a 
second eo.oaect can, and said second transistor being pare of 



8) ' V > * r V < b. ■ J ^ 1 s ~ 



an j.tv-^" circuit: - ^ i <.a~ living circuit can be in 

ss.id pixel or can be external to sale pixel. Said pixel 

second r. rarus is; i: or thereby be lag direct.! y connected to said 
photosensitive ioioe: : and to eaid third transistor* 



1, A plan! eoag.-ri«:ing in a parallel circuit 

v > 1 , ~ i f ;,n 

adjustable current sen.! ;• :, : neei e v bei; ; 

adapfceo &r delivering « high current. 

said radiation is electromagnetic radiation such a* light. 

3. A pixel as recited in claim 1, wherein 
sale current: sour<:a is a Cr s;xs Later . 

4, J\ pixel as recited in claim I, wherein 
raid circuit farther eo:cprieea at Lean one iripiadence 

said trrent source c\ < se; a>d u 

said oireoit co-tip rising a capacitor, and a switch ~ 

to the capacitor, 

6, A pixel as racised in claim 5, further 
comprising a second switch in-between said capacitor and 

•sdiar.io < - - -< v ~~ *. * ~ 

~~:).q in a parallel configuration with, said capacitor, 

7, A pixel as recited in claim I, Partner 
comprising a first transistor in caries with the 
photo sensitive element and neaus eos;prie Log at least a 
second translator couples: to. seid photosensitive element 
and v r re he nigoox 
acgoired ni said phatesees.it ivs element are? converted to a 
vol. cags drop across said txrat transistor, and farther 
comprising a switch in-befween said current source and said 
photosensitive -element , 

g a jae > 0 >ta ins calibrated 
oat c . r > ' vv <. t ^ 

co.cpri r. 

- reading-out a phot ocur rent generated on said pixel while 

a cere c in 



sraiiel vith said nhc j:of;:c:os:! tine e : 
C c , v -<:> r:: :V .; Co theraby obtain ,;. caste sigr 
eadin<|-out said pixoi with said currant 
hereby obtain a second sictsti; 
ubtractinc said fiirst signal fross. said • 
he resulting signal being •smplified -a 
ead-out signai. 

9, The method ..a; recited in ci. 
ssen ca sub ur acting is e>'aestsn; hn a ci. 



) , a u 



r&nsistor said said pho bases 



:c said pho 



.4 gate of said r ~i> transistor is a first 
{ :t.i t i.rst el* -erode of said fir si: transistor 
one \ i- sa «*econ octroi ~< 

bating connected to said photosensitive elooont, 
>:: said socond transistor being connected to said 




is c:on;«ic;:ed > said gate of s«id oer.ood 
mo v J N 3 -s to 
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135) rrl.. (33) i ✓ - 

ix ««u- 
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esuitir.g siga&l foaing asspiifisd 



(Figaro X) 



